We study the inclusive charmless semileptonic decay of Λ b , Λ b → X u lν l , in the framework of heavy quark expansion and find that the rate is substantially enhanced by spectator effect. We obtain Br(b → X u lν l ) to be 1.13 × 10 −3 for |V ub | = 3.3 × 10 −3 . We discuss our result in light of the recent LEP measurements of the charmless semileptonic branching ratio where such enhancement was not taken into account in extracting |V ub |.
Precise determination of the CKM matrix elements is fundamentally an important task for the Standard Model. There are as many as five of the nine elements of the CKM matrix that can be extracted from the knowledge of the weak decays of beauty hadrons. Particularly, |V cb | and |V ub | can be extracted in the framework of heavy quark expansion (HQE) in a direct and fairly model independent way [1] . With the measurements of the inclusive charmless semileptonic branching ratio of b hadrons by the ALEPH [2] , L3 [3] and DELPHI [4] collaborations at LEP, the determination of |V ub | has attracted renewed interest recently. The measured values of inclusive charmless semileptonic branching ratio of b hadrons and the corresponding values of |V ub | extracted are
Br(b → X u lν l ) = (1.57 ± 0.35 ± 0.48 ± 0.27) × 10 −3 , |V ub /V cb | = (0.103 +0.011 −0.012 ± 0.016 ± 0.010).
(DELP HI)
In these analyses, the measured quantity is
This has an advantage of being free of many hadronic uncertainities that occur in the nonleptonic decays. Also, the determination of the CKM matrix elements from inclusive decays can in general be made with less theoretical uncertainties than ones extracted from exclusive modes. For semileptonic decays of baryons, however, there could still be large spectator effects due to Pauli interference as pointed out by Voloshin for Ξ c [5] . To the inclusive charmless semileptonic branching ratio of b hadrons, the contribution of Λ b is about 10% with the rest coming from the B mesons. There are many theoretical works [6] which study the B → X u lν l to determine |V ub |. But not much has been done on the inclusive charmless semileptonic decay of Λ b . In the analyses of ALEPH and L3, Λ b → X u lν l is included in their sample, but in that of DELPHI, the rejection of kaons and protons that was used in the selection criteria reduces the contributions from Λ b .
In this letter, we study the inclusive charmless semileptonic decay of Λ b . We find that the baryonic decay rate is larger by a factor of about 1.36, due to spectator effects, than that of the b quark decay rate. We then discuss the correction factors needed on Br(b → ulν l ) to account for the spectator effect in Λ b → X u lν l .
The total rate of inclusively decaying beauty hadrons into a charmless final state is given by the HQE [1] as
where with m being the mass of the heavy quark, the term of O(1/m 0 ) corresponds to the free heavy quark decay rate, the terms at O(1/m 2 ) describe the motion of the heavy quark inside the hadron (λ 1 = −0.5 GeV 2 for B and −0.43 GeV 2 for Λ b ) and the chromomagnetic interaction due to the heavy quark spin projection (λ 2 = 0.12 GeV 2 ) which vanishes for baryons except Ω Q and the third order term in 1/m is given by C(µ) H|(bΓq)(qΓb)|H .
The operators in ... , denoted as O 6 below, are evaluated in [7] by one of us for B and Λ b . The Wilson coefficients are describing the spectator quark processes like Pauli interference, weak annihilation and W -scattering which is in baryons only.
In the mode Λ b → X u lν l , the spectator effect is the constructive interference of the u quark of the final state with the u quark in the initial hadron (see Fig. 1 ) which enhances considerably the decay rate. Otherwise, without spectator effects, the baryonic decay rate is almost the same as that of the heavy quark decay rate. The decay rate due to spectator processes is given by
where
Using the expectation values of the four-quark operators obtained in Ref. [7] for Λ b , O 6 Λ b = 6.75 × 10 −2 GeV 3 , we obtain the ratio
whereas at O(1/m 2 ), the ratio is Γ(Λ b → X u lν l )/Γ(b → X u lν l ) = 1.01. It should be pointed out that this enhancement has a large theoretical uncertainty which is difficult to estimate.
On the other hand, no such enhancement exists for Λ → X c eν e and thus the ratio of eq. (5) is increased by 36% for Λ b . In passing, we note that the hadronic b → u decay of Λ b is not substantially enhanced due to the cancellations of constructive uu and destructive dd interferences.
The inclusive charmless semileptonic branching ratio of b hadrons is given by
In principle, Ξ 0,−1 b
can also be produced at LEP. However, it is suppressed by ss production from vacuum relative to uū or dd production. Furthermore, the neutral Ξ b which consists of b, u, and s quarks has the same enhancement factor as Λ b in the charmless semileptonic decay rate, even though the charged Ξ b which is made of bds quarks does not have the corresponding enhancement. We will thus assume in this analysis that all weakly decaying b-baryons are Λ b 's. Thus using the above estimate with f Λ b = 10%, τ (B) = 1.64 ps and τ (Λ b ) = 1.24 ps, we obtain the following value for inclusive charmless semileptonic branching ratio of b hadrons:
If the spectator effects are not included, then
In the above estimate in Eqs. 
In conclusion, we studied the inclusive charmless semileptonic decay of Λ b and calculated the inclusive charmless semileptonic branching ratio of b hadrons. Finally, we observe that (1) the contribution of Λ b definitely influences the branching ratio due to a constructive Pauli intereference and (2) such spectator effects in Λ b decay has to be taken into account for a precise determination of |V ub | which relies on chamless semileptonic decays.
